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FOREWORD 


This  report  was  prepared  by  Nord  Aviation,  France  under 
Contract  AF  61(052)-750  initiated  under  Project  No.  3012, 

Task  No.  301203.  The  work  was  administered  under  the  direction  of 
the  Air  Force  Aero  Propulsion  Laboratory,  Turbine  Engine  Division, 
with  leak  J.  Gershon  as  project  engineer. 

The  publication  of  this  report  does  not  constitute 
approval  by  the  Air  Force  of  the  findings  or  the  conclusions 
contained  herein.  This  report  has  been  reviewed  and  is  published 
only  for  the  exchange  and  stimulation  of  ideas. 


Chief,  Turbine  Engine  Division 
Air  Force  Aero  Propulsion  Laboratory 
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FINAL  REPORT 


EXPERIMENTAL  AND  DESICN  STUDIES 
FOR  TURBO-RAMJET  COMBINATION  ENGINE 
VOLUME  1  :  SPECIFICATIONS  AND  PHRFXWMANCE 


N0RD-AV1ATI0N 
DEPARTMENT  "PROPULSEURS" 
PARIS  (CHATILLON)FRANCE 


The  research  reported  in  this  document  haa  been  sponsored  by  the  AERONAUTICAL 
SYSTEJ6DIVTSION,  AFSC,  through  the  European  Office  of  Aerospace  Research,  United 
Statee  Air  Force. 


INTRODUCTION 


This  study  which  can  be  considered  a a  a  follow  up  of  the 
previous  contract  (AF  61  (0 52)  670  T'JRBOFAN-RAMJET  ENCINE  STUDIES  -  May 
1964)aiss  at  pursuing  the  desonstration  of  Nord-Aviat ion's  coabined 
turbofan-ramjet  engine  efficiency  and  feasibility  within  the  Mach  nuaber 
rang*  fros  0  to  4. 

The  object  of  this  contract  is  to  define  a  combined  engi¬ 
ne  around  the  dry  section  of  turbofan  SNECMA  TF  106,  selected  at  the 
close  of  the  preceding  contract,  and  to  establish  a  coaplete  performance 
characteristics  systesup  to  Mach  4.  An  experimental  part  of  this  study 
has  for  object  the  design  and  testing  of  a  combustion  chamber  function- 
ning  satisfactorily  in  the  Mach  nuaber  range  from  0  to  4  up  to  100  000 
feet  altitude  and  for  a  widespread  range  of  equivalence  ratio,  in  a 
word  covering  all  the  needs  of  propulsion  of  a  highly  supersonic  vehicle. 

We  recall  hereunder  Nord-Aviation's  histories  in  the 
field  of  coabined  turboraajet  engines. 

Since  1951  Nord-Aviation  started  studying  Ran  jets  and  Coa- 
bined  Turbo-Ramjet  engines  :  definitions,  dsvelopment,  manufacture, 
bench  and  flight  tests.  In  1953  the  Company  designed  ths  Mach  2.2.  expe- 
riasntal  aircraft,  naiad  "GRIFFON".  It  was  propelled  by  a  combined  turbo- 
ramjet  engine,  330  flights  were  carried  out. 

Studies  on  combined  engines  are  pursued  with  the  object 
of  extending  the  flight  field  up  to  high  Mach  numbers,  the  satisfactory 
performance  characteristics  of  the  gas  turbine  engines  at  the  low  and 
moderate  Mach  numbers  being  however  retained  as  well  as  those  of  the 
ramjet  at  high  Mach  numbers.  The  latest  studies  were  sponsored  by  the 
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AERONAUTICAL  SYSTEMS  DIVISION,  AIR  FORCE  SYSTEMS  COMMAND,  through  the 
European  Office  of  Aerospace  Research,  U.S.A.P. 

In  the  aost  advanced  design,  the  axial  compressor  turbo 
jet  engine  of  the  "GRIFFON"  is  replaced  by  a  front-fan  engine.  Its  jet 
notsle  opening  into  the  combined  engine  combustion  chaaber  ;  this  ar¬ 
rangement  affords,  if  necessary,  afterburning  of  the  primary  flow.  The 
ram  duct  encompasses  the  gas  turbine  engine  ;  the  air  surrounding  the 
fan  is  mixed,  in  an  annular  chamber,  with  the  secondary  air  delivered 
by  the  fan  ;  the  resulting  mixed  flow  feeds  the  combustion  chaaber 
whose  combustion  system  surrounds  the  rear  end  of  the  turbofan.  Owing 
to  movable  flaps  located  at  the  delivery  end  of  the  fan,  it  is  possi¬ 
ble  to  operate  either  in  the  pure  turbofan  configuration  or  in  the 
pure  ramjet  configuration. 

Thers  are  only  one  air  inlet  duct,  and  one  exit  nossle 
which  is  of  the  convergent-divergent  type. 

This  powerplant  can  smet  the  propulsion  requirements 
of  a  supersonic  Interceptor,  a  long  range  supersonic  bomber,  a  high 
altitude  reconnaissance  aircraft,  up  to  a  Mach  number  for  which  the 
kinetic  heating  problems  can  be  solved  by  the  convenient  selection  of 
materials,  of  insulating  techniques,  or  by  the  use  of  fuel  as  a  heat 
sink  ;  this  is  the  Mach  3  to  4/4.5  category. 

The  use  of  cryogenics  allows  an  extension  of  the  use 
of  Nord- Aviation' s  combined  turbofan-raajet  engine  up  to  hypersonic 
flights,  without  modifying  the  basic  configuration  ;  this  engine  could 
meet  the  propulsion  requirements  of  a  hypersonic  aircraft,  or  of  a  re- 
utilixable  air-breathing  launcher. 

The  first  contract,  AF  61  (052)-479,  with  the  A.F.S.C. , 
U.S.A.F. ,  was  the  object  of  a  preliminary  study  of  a  coabined  engine 
consisting  of  a  forward-fan  engine  and  ramjet  assembly  for  a  Mach  3 
long  range  transport,  the  X  61  TURBO-RAMJET  POWERPLANT  -  June  1961. 

This  coabined  engine  was  baaed  on  a  hypothetical  turbofan  adapted  to 


3 


Mach  3,  ths  characteristics  of  which  hod  boon  ouppliod  by  VADD.  This 
study  snsblsd  us  to  roloo  oost  of  ths  probloas  involved  in  ths  uso  of 
s  cooblnsd  engine  on  s  supersonic  sircrsft. 

Ths  socond  contract,  AT  61  (052)  570  (X  71  -  TURBOPAN- 
RAMJET  POWEKPLANT  -  February  1962)  describes  the  ossentisl  character is- 
tics  of  s  cooblnsd  engine  built  sround  sn  eztrapolstion  of  turbofsn 
PRATT  AND  WHITNEY  JTF  10,  for  s  Nsch  3  supersonic  transport.  This  study 
proved  thst  s  cooblnsd  engine  bssed  on  sn  existing  turbofsn,  sdspted  to 
ths  subsonic  flight,  is  quite  satisfactory. 

The  third  contract,  A F  61  (052)  -  670  (TURBOPAN-RAMJET 
ENGINE  STUDIES  -  May  1964),  wss  Intended  to  prove  the  feasibility,  and 
the  efficiency  of  the  Nord-Aviatlon  cooblnsd  engine  over  a  Mach  range 
froa  0  to  4.5.  A  theoretical  part  consisted  in  coopering  three  coabined 
engines  built  sround  the  following  throe  turbofsn  engines  :  3 NEC HA  TF 
106,  BRISTOL  SI:)DELEY  P0CASUS  5,  PRATT  AND  WHITNEY  TF  33  P  7  }  these 
engines  having  satisfactory  performance  characteristics  ths  adaptation 
flexibility  of  the  combined  engine  design  was  thus  enhanced.  Bzperimen- 
tal  work  carried  out  node  it  possible  to  design  a  correct  contour  for 
the  turbofsn  subsonic  inlet  and  an  efficient  systeo  for  sizing  the  ram¬ 
jet  flow  with  the  fan  flow,  and  to  establish  the  correct  operation  of 
the  cosoon  exit  nozzle  throughout  the  ongine  operational  range. 

The  contract,  object  of  this  final  report,  AF-61  (052) 
750  (EXPERIMENTAL  AND  DESICN  STUDIES  FOR  TURBO-RAMJET  COMBINATION 
ENGINE)  is  the  continuation  of  the  previous  contract  ;  in  fact,  the 
last  two  contracts  can  be  considered  as  elsoents  of  the  ease  study.  It 
should  be  reminded  that  the  first  part  of  this  contract  is  meant  to  de¬ 
fine  a  coabined  engine  based  on  the  SNBCMA  TF  106  turbofan,  chosen  at 
ths  close  of  the  previous  contract  :  establishment  of  a  general  layout 
of  the  combined  engine  and  tracing  of  a  complete  performance  character 
istics  chart  up  to  Mach  4,  for  altitudes  varying  from  0  to  100,000 
feet.  The  second  part  was  experimental,  its  purpose  was  to  define  and 
study  a  combustion  chamber  covering  the  requirements  of  the  following 
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field  of  flight  :  altitude  fro*  0  to  100,000  feet,  flight  Mach  number 
from  0  to  4.  The  two-d inane tonal  model  repreeente  a  full-aite  sector  of 
an  actual  combustion  chamber.  The  testa  took  place  at  Nord-Aviation  's 
test  center  of  LES  GATINES  and  at  the  powerplant  teat  center  (Centre 
d'Eseais  dee  Propuleeurs,  C.E.P.)  of  3ACLAY. 
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1  -  INTRODUCTION 


Thla  study  Is  the  continuation  of  the  previous  contract 
(AF  61  (0 5?)  -  670)  ths  object  of  which  was  to  demonstrate  the  feasibil¬ 
ity  nnd  the  efficiency  of  the  combined  turbo fan- ran  jet  engine  designed 
by  Nord-Aviation,  within  the  range  of  Mnch  nuebers  froa  0  to  4/4.5. 

In  the  theoretical  part  of  ths  study,  three  coabined 
engines,  built  around  three  turbofana,  either  existing  or  under  develop- 
nent  (SNRCMA  TF  106,  BRISTOL  :>1  DDELEY  PEGAIIUS  5,  PRATT  AND  WHTNBT  TF 
33  -  P7),  were  coapared  in  the  following  fields  t  specific  weight, 
overall  aise,  performance  characteristics.  A  calculation  prograa  waa 
established  froa  KEENAN  AND  KAYE'e  enthalpies  tables  ((1A S  TABLES,  1940). 
These  tables  are  Halted  in  equivalence  ratios  (  *  0.5)  and  in  tempera¬ 
tures  (  A  3,500°  R),  the  enthalpies  being  Independent  of  pressure  i 
this  simplified  calculation  prograa  waa  however  Justified  since  the  ob¬ 
ject  of  the  study  was  to  compare  three  difforent  engines.  The  perfor- 
aance  characteristics  were  calculated  for  the  following  flight  condition  : 
static  thrust,  transonic  flight  at  M0  ■  1.3,  supersonic  flight  at 
M0  =  2.3,  subsonic  flight  at  M0  =  O.B  ;  these  performance  characteris¬ 
tics  were  followed  by  a  study  of  the  operation  range  in  the  mixed  flow 
configuration,  and  by  the  performance  characteri sties  calculation  in 
the  pure  ramjet  configuration.  The  comparison  was  aade  for  the  same 
value  of  the  following  ratio  >  thrust  at  Mach  3  in  the  pure  ran  jet 
configuration  /  thrust  at  sea  level  static  conditions,  without  after¬ 
burning,  in  pure  turbine  engine  operation.  A  general  layout  for  each 
of  the  three  engines  waa  given.  . 

The  experiaental  part  waa  provided  for  t 
-  studying  the  flow  velocity  plot  in  the  vicinity  of  the 
turbofan  subsonic  inlet  in  the  three  operating  nodes  of  the  engine  i 
pure  turbofan  configuration,  alxed  flown  configuration  or  purs  nuejat 
configuration. 
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•  etudylng  the  nixtur*  of  tho  fan  and  raa  flow  a  at  tha  fan 

out lot. 

-  atudylng  tha  lntoraotioa  of  a  noo-hoaog*p*ou*  flow  upon  tha 
parfornano*  oharaotarlatloa  of  tha  on— on  axhsuat  noasla. 

Tha  apaclfla  thruata  and  tha  apaolflo  conauapt Iona  vara 
practloally  aqulwalant  for  tha  thraa  conblnad  angina*  studied,  and  tha 
thaoratloal  atudy  showed  tha  great  flexibility  of  adaptation  of  tho 
Mord-Awlatloo  conblnad  angina  design.  On  tha  otbar  hand,  tha  ooablnad 
anfflna  apaolflo  walfht  la  directly  connactad  with  tha  apaclflo  weight 
of  tha  baalc  turbofan.  Tha  axparln* ntal  atudy  aada  it  poaalbla  t 

-  to  daflna  a  oorraot  contour  for  tha  oubaonlc  turbofan  lnlat 
prowldlng  tho  raa  duct  or  tha  fan  with  a  wary  aatlafactory  feeding 
throughout  tha  angina  opa rating  ranga. 

-  to  daflna  a  wary  afflolant  ayataa  for  nixing  of  tha  raajat 
and  fan  flowa  owar  a  abort  langth. 

-  to  ahow  tha  correct  opa  rat  ion  of  tha  conaon  axlt  nozzle. 

Tha  purpoaa  of  tha  praaant  contract,  AF  61  (0 52)  -  750, 
la  to  contlnua  daaonatratlng  tha  faaalblllty  and  afflclancy  of  tha 
Iford-Awlatlon  conblnad  turbo-raajot  angina. 

Tha  object  of  tha  thaoratlcal  part  ia  to  aatabllsh  a 
conpleto  parfornanca  charactarlatlca  plot  for  tha  X  81  conblnad  angina 
built  around  tho  SIBCHA  TF  106  turbofan  which  waa  choaan  at  tha  iaaua 
of  tha  prawioua  atudy.  A  now  and  wary  conplata  calculation  progran  waa 
franad  for  thia  atudy  j  thia  progran  takaa  into  account  the  affacta  of 
tho  burnt  gaaaa  diaaociation  inalda  tha  axlt  nozzla. and  allow*  tha.uaa 
of  conponant  efficiencies,  obtained  fron  testa  ;  a  sub-progran  calcu- 
lataa  the  tharnodynanic  function*  of  tha  AIR/C^H^  ayataa  for  all 
aquiwr.lanca  ratio*  and  pressure*,  with  the  tgaperaturaa  reaching  up  .to 
9  000*  8. 

All  the  teat  raaulta  obtained  under  cowar  of  the  prowl- 
oua  contract  are  introduced  in  the  parfornanca  characteristic* 
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calculation* .  Tha  coabuation  efficiencies  and  tha  head  loaaaa  of  the 
combustion  system  war*  evaluated  by  r# lying  on  Rord-Aviation  'a  expa- 
rianca  about  tha  raajet  coabuation  chaabara.(Tha  coabuation  ayataa 
taata  vara  in  prograea  at  tha  tiaa  of  tha  parforaanca  charactariatlca 
calculation*)  ;  tha  concordanca  batwaan  thaaa  evaluations  and  tha 
raaulta  obtalnad  during  tha  coabuation  taata  la  axcallant. 

Tha  chart  of  calculatad  parforaanca  charactarlatica 
coapriaaa  on  tha  ona  hand,  tha  accalaration  rating*  parforaanca  charac¬ 
tariatlca  covering  tha  equivalent  air  apaad  rang*  from  300  kt  to  800  kt, 
up  to  altituda  aa  high  aa  100,000  feat  (the  aaxiaua  Mach  nuabar  la 
equal  to  4)  on  tha  other  hand  tha  reduced  ratings  without  afterburning 
co. wring  the  daacant,  holding  and  subaonlc  cruiae  flight  condition*. 

Tha  law*  of  variation  of  the  internal  variable  section*  (fan  exit  area 
and  coamon  exit  nozzla  throat  area)  are  defined.  A  general  layout  of 
tha  angina  la  given,  specifying  in  particular  the  coabuation  ayataa 
aasaably  aa  wall  aa  its  air  auppljr  duct*. 

An  axpariaantal  part  ia  devoted  to  the  study  of  a  coa¬ 
buation  ayataa  over  a  largely  extended  equivalence  ratio  range,  cover¬ 
ing  all.  the  possible  requirements  up  to  Mach  4  and  for  an  altituda 
ranging  up  to  100,000  feat.  This  investigation  is  carried  out  on  a  t no¬ 
di  sens  local  modal  representing  a  portion  of  an  actual  annular  combust ior 
chamber. 

The  taata  carried  out  at  Rord-ATiation  'a  Tost  Cantor 
of  LBS  CAT  IKES,  with  a  aingle  air  supply,  made  it  possible  to  define 
the  combustion  ays  tea.  Later  on  this  system  was  triad  and  improved  at 
tr*u  Centra  d'Easais  das  Propulaaurs  at  SACLAY  (  a  big  Propulsion  Test 
Cantor  run  by  tha  Government),  in  an  altitude  and  Mach  number  range 
more  extended  than  that  used  at  LES  GATINES.  The  three  operating  modes 
were  simulated  :  turbofan  flow  alone,  turbofan-ramjet  mixed  flow,  ram¬ 
jet  flow  alone. 

The  combustion  system  thus  defined  is  very  satisfactory  ; 


r> 
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It*  Mia  faaturea  are  t  a  gr tat  atabilitj  la  a  large  equivalence  ratio 
range  i  froa  0.1  to  1.2.  The  coabuetion  afflcianoiaa  obtained  vara  vary 
satisfactory,  la  apita  of  vary  severe  taat  conditions  t  tha  simulated 
flight  rang*  corresponds  to  loe  equivalent  air  apaad  (approx.  400  kt) 
up  to  flight  Hach  nuabara  aqual  to  4,  and  altitude#  oo  tha  ordar  of 
100,000  foot  i  la  a  flight  raaga  ralatlag  to  hlghar  equivalent  air  ep»ds, 
tha  coabuatioa  eye tea  ahould  give  battar  afflcianoiaa  than  thoaa  obtal- 
oad.  Aa  additional  tart  prograa  would  ba  necessary  in  ordar  to  axplora 
all  tha  poaalbllltiaa  of  thia  ooabuatioo  ayataa. 


2  -  QPEUl  PPCRIPTXQh 

Tha  lord-Avlation  turbo  fen- ramjet  coablaad  angina  la 
essentially  a  co-aria  1  arrangaaaat  of  a  turbofan  (of  tha  forward-fan 
typo)  with  a  raijat  coabuatioa  chaabar,  which  permits  to  oporata  aithar 
in  tha  pura  turbofan  configuration,  or  in  tha  pura  ramjet  configuration 
or  again  in  tha  turbofaa-raajat  nlzad  configuration.  < 

Tha  variable  geometry  air  inlat  ia  coaaoa  ;  tha  flowa 
through  tha  angina  ara  azhauatad  through  a  variable  ge  one  try  convergent- 
divergent  nozzle. 

A  part  of  tha  air  flow  captured  by  the  air  inlet  is 
apllled  around  tha  fan  and  ia  mixed  with  the  turbofan  secondary  air 
flow  in  an  annular  duct  ;  the  raeulting  adzed  air  flow  faada  a  combus¬ 
tion  chaabar  surrounding  the  turbofan  rear  section.  Tha  jet  nozzle, 
fixed  and  abort,  permits  to  assure  an  afterburning  of  the  primary  flow. 

The  fan  flow  annular  axit  1s  controlled  by  flape,  which  allow  operation 
in  one  of  tha  three  aodea  described  above  :  pura  turbofan,  pure  ramjet 
or  nixed  flows  node.  Figure  1  illuatrates  schematically  tha  various 
components  of  the  conbinad  angina,  without  tha  air  inlet. 

The  pura  turbofan  operating  node  is  that  of  subsonic 
apaada  aa  wall  aa  that  of  transonic  flights  at  high  altitudes. 
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The  mixed  flows  operating  mode  Is  that  of  moderate  supersonic  flights, 
tho  purs  ramjet  operating  nods  (turbo fsn  running  slow  or  stoppsd)  being 
that  of  high  supsrsontc  flights. 

Ths  performance  charsctsri sties  of  such  a  combined 
engine  ars  consequently  t  that  of  ths  basic  turbofan  with  and  without 
afterburning  at  ths  subsonic  and  transonic  speeds,  and  that  of  a  ramjet 
at  ths  high  supsrsonic  spssds. 

In  ths  coabinsd  engine  ops  rating  sods,  ths  range  of 
which  has  an  uppsr  limit  dstsrainsd  by  ths  turbofan  Mach  numbsr  limita¬ 
tion,  ths  thrust  is  frsatsr  than  that  of  sach  of  ths  individual  engines 
whsn  ops  rat  ing  a  Ions. 


3  -  DEFINITION  OF  THE  X  B1  COMBINED  gWCIWE 

Ths  coabinsd  engine,  whose  'ormance  characteristics 
are  presented  in  this  report,  is  built  around  the  oasic  section  of  the 
SNBCMA  TF  106  turbofan  ;  this  is  ths  X  81  combined  engine.  The  TF  106 
is  an  axial  twin  spool  turbofan  with  nixed  flows  and  a  low  by-pass  ratio. 

Ths  geometrical  definition  adopted  is  that  resulting 
from  the  study  of  the  previous  contract,  A F  61  (052  )  670  (see  Vol.  3.1 
GENERAL  DIMENSIONS).  Ths  major  overall  dimensions  were  established  by 
satisfactorily  compromising  between  : 

-  a  minimum  space-requirement  (length  and  largest  cross-3ectional 
area) 

-  a  maximum  efficiency  of  the  mixer-diffuse r-annular  combustion 
chamber  ansembly 

-  a  maximum  efficiency  in  the  pure  ramjet  configuration. 

This  general  definition  is  based  upon  the  data  of  a 
ratio  between  thrust  at  Mach  3  (pure  ramjet  operation,  the  turbofan 
being  stopped)  and  sea  level  static  thrust  in  the  pure  turbofan 
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configuration  ;  this  ratio  was  defined  for  ensuring  an  economical  crulaa 
at  Mach  3  for  a  supersonic  transport  aircraft.  Th  :i  ratio  defines  tha 
air  flow  rata  required  for  ensuring  tha  economical  flight  at  Mach  3, 
i.a.  it  defines  the  annular  combustion  chamber  air  supply  ducts.  Tha 
turbofan  nozzle  cross-section  area  was  defined  at  tha  conclusion  of  a 
parametric  study  under  sea  level  static,  and  transonic  conditions,  in 
order  to  allow  afterburning  of  the  primary  flow  in  tha  pure  turbofan 
operating  mode  and  in  th'  combined  configuration  with  mixed  flows,  while 
optimizing  the  performance  characteristics  in  sea  level  static  conditions 
md  in  transonic  flight. 


3-1  Major,  dimensions 


The  aajor  dimensions  are  as  follows  : 


-  Combined  engine  length  (without  exit  nozzle) 

"  "  "  (with  ex.t  nozzle) 

H  "  "  outer  diameter  (coabustion 

chamber  station) 


1*4  in. 
268  in. 


57.1  in. 

39  in. 

51.2  in. 
12.6  sq.ft. 
3.6  sq.ft. 
4  sq.ft. 


-  Turbofan  inlet  diameter  •- 

-  Combined  eng\n e  inlet  inner  diameter 

-  Cross-section  area  of  the  combustion  chamber 

-  Mixer  throat  cross  section  ares 

-  Turbofan  noczle  exit  cross  section  area 

-  Secondary  flow  exit  cross  section  area(at  the 

exit  of  the  guide  vanes)  2.1  sq.ft. 

-  Turbofan  outer  cross  section  area  at  the  level 

of  the  turbine  flange  5.1  sq.ft 

Fig.  2  represents  a  general  layout  of  the  X  81 
combined  engine  at  the  scale  of  1/10  size. 


3-2  Structure 


The  X  81  corbined  engine  is  divided  into  two 


major  parts 


Th'  front  section.  consisting  of  the  ossic  section  of  me  TF  Hi*. 


turbofan,  the  annular  comb..ition  chamber  air  . . •  j p p  1  y  nets,  the 
secondary  ani  ramjet  air  flows  xix.ng  with  ita  controls, 

tne  annular  <ihj  primary  combustion  jy..texaiith  t  .e  i  r  a  ipply 
circuits. 

The  rear  j»ct ion,  consisting  o!  the  combustion  chamber  ani  of  the 
va. labia  geometry  exit  nozzle. 

The  junction  plane  of  these  two  sections  is  ahead 
of  the  turbofan  nozzle  exit  ;  this  permits  clearing  the  annular 
combustion  sy  item  *rtemal  flame  holders,  as  well  as  those  of  the 
primary  combustion  system  at  the  separation  between  the  front  and 
the  rear  parts. 

3-^-1  Front  section 

The  general  design  of  the  basic  turbofan  is  retai¬ 
ned  ;  the  structural  assembly  consisting  of  the  fan  exit 
guide  vanes  is  extended  radially  by  a  series  of  rigid  arms 
meant  for  attaching  the  direct  air  supply  duct  ;  the  varia¬ 
ble  position  flaps  of  the  mixing  system,  with  their  associa¬ 
ted  controls,  are  fixed  on  this  rigid  assembly. 

A  system  of  links,  existing  on  the  basic  turbofan 
and  adapted  to  the  combined  engine,  placed  at  the  level  of 
•he  t jrbineeinlet ,  allows  the  attachment  of  the  annular 
duct  outer  casing  and  also  allows  tne  longitudinal  and  ra¬ 
dial  expansion  of  the  gas  generator.  This  links  system  trans¬ 
mits  directly  the  transverse  stresses.  A  strong  outer  frame 
is  placed  at  this  level,  it  carries  the  engine  major  moun¬ 
tings  ;  the  longi'.udinal  stresses  of  the  gas  generator  are 
conveyed  to  the  major  mountings  by  the  rigid  assembly  at  the 
fan  exit,  and  by  the  annular  duct  outer  casing. 

At  the  front  end,  the  direct  air  supply  duct  is 
held  by  a  system  of  links  connected  to  the  fan  casing. 
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The  air  supply  duct  structure  is  made  of  a  thin 
sheet  reinforced  through  transversal  corrugations  ;  this  ou¬ 
ter  skin  i3  flanged  at  the  front  end  with  a  frame  ensuring 
tightness  with  the  air  inlet  diffuser  ;  two  main  frames 
assure  me  rigidity  of  this  envelope  :  the  front  main  frame 
at  the  level  of  the  fan  exit,  and  the  main  frame  in  close 
proximity  to  the  turbines,  carrying  the  powerplant  main 
mountings. 

The  annular  combustion  system  is  attached  to  this 
duct,  upstream  the  main  mountings  frame  with  an  articulation 
point  on  the  turbofan  jet  nozzle,  allowing  expansion. 

The  afterburner  system  is  attached  to  the  exit 
cone  of  the  turbofan,  with  a  flexible  connection  articulated 
on  the  annular  system. 

The  ancillary  equipment  necessary  for  the  operation 
of  the  turbofan  and  the  combined  engine  is  placed  outside  the 
duct  :  accessory  gear  box,  oil  tank,  pumps,  coolers,  fuel 
system  regulators,  etc. 

Drawing  8—1 / 1  represents  a  scale  l/2  size,  detai¬ 
led,  lengthwise  cross  section  of  the  combined  engine  front 
part. 

3-2-2  Rear  section 

The  combustion  chamber  is  composed  of  an  external 
cylindrical  envelope  and  of  a  two-part  protection  ring  assem¬ 
bly. 

The  external  envelope  ends  in  an  important  frame 
which  takes  the  attachment  fittings  of  the  variable  geometry 
exit  nozzle.  An  intermediate  frame  takes  the  attachment 
fittings  of  the  flap  control  rams  of  the  exit  nozzle. 


JO 
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Internally,  the  envelope  la  fitted  trite  two-part 
protection  rings.  These  rings  are  r.gidly  fixed  at  both  ends 
of  combustion  chamber  and  guided  over  their  overlap  by  loca¬ 
tor  pins  and  springs  that  allow  a  certain  degree  of  freedom, 
compatible  <ith  the  thermal  expansion. 

The  convergent-divergent  exit  nozzle  with  varia¬ 
ble  geometry  comprises  two  groups  of  movable  flaps.  The 
kinematics  is  provided  for  modifying  the  configuration  from 
simple  convergent  to  convergent-diveygent  and  vice  versa. 

These  modifications  are  obtained  by  means  of  two  circular 
frames  sliding  on  six  slides  connected  to  four  groups  of 
rams.  During  their  displacement,  the  rear  flaps  actuate  mobile 
caps  that  shut  off  the  pressurized  coipartment  comprised 
between  the  flaps  and  the  outer  skin  ;  the  purpose  of  this 
compartment  is  to  stop  the  ingress  of  hot  gases,  and  to  assu¬ 
re  the  cooling  of  flaps. 


3-3  Control  system 

The  fuel  control  of  the  gas  generator  can  be 
retained.  This  control  system  keeps  the  turbine  inlet  temperature 
at  the  value  set  in  by  the  pilot.  The  regulator  determines  the  cor¬ 
responding  fuel  flow  to  be  injected  in  the  turbofan  combustion  cham¬ 
ber. 

The  afterburning  fuel  control  determines  the  fuel 
flow  to  be  injected  in  the  primary  flow  and  in  the  annular  flow, 
in  terns  of  the  exit  nozzle  cross-section  area  which  is  controlled 
by  the  pilot,  while  maintaining  the  gas  generator  at  the  selected 
operation  rating. 
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4  -  PBgrcmmcB  cwtemimc* 


ill  the  perfornance  characteristics,  with  and 
without  afterburning  art  calculated  : 

-  for  standard  atmospheric  conditions 

-  with  a  "low"  beating  value  of  18,630  BTU/lb  (10  350  k.  c  a  i/kg) 

-  without  air-bleed  or  powsr  off- talcs 

-  with  a  total  prsssurs  recovery  law  for  the  air  inlet  defined 
on  Fig.  3,  i.e. 

•  Pj/Pc  *-1  in  subsonic  flight 

.  f)/f0  «  1  -  0.075  (M.  -  I)1*35  in  supersonic  flight 
(spscification  MIL  -  B  -  5006  B) 

-  with  ths  exit  nozzle  in  the  "aisple  convergent"  configuration 
up  to  M,  *  1.3,  and  "convergent-divergent"  for  1.3,  and, 
in  the  latter  case  with  a  nozzle  coefficient  equal  to  0.96. 

4-1  Static  thrust  Performance  characteristics 


RATINGS 

AIR  FLOWRATE 
lb/sec 

THRUST 

lb 

S.F.C. 
lb/lb. hr 

With  afterburning 

237 

-  Tg  =  3  600  °R 

21 ,400 

2.275 

-  T0  *  2  700  °R 

18,400 

1.705 

Without  afterburning 

-  Maximum  rating 

235 

11,500 

0.5B5 

n 
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4-2  Flight  performance  character istics 
4-2-1  Air  aasa  flow 

The  maximum  air  mass  floe  entering  tne  engine  ia 
determined  by  Bears  of  Fir.*  inJ  5  which  give  tne  raiffia 
air  capture  area  at  the  upstream  infinite,  Ac. 

Fig.  '  gives  the  maximum  air  nss  flow  in  terms  of 
altitude  000  ft)  ana  of  the  flight  yacr  number  Xc 

{\  <  1  .b).  Afterbu  ming  has  a  3mall  influence  over  tne  engi¬ 
ne  air  ma3s  flow,  the  variation  is  less  than  2,S 

Fig.  5  gives  the  maximum  engine  air  mass  flow  for 
altitudes  varying  froa  76  00.  ft  to  100  OX  ft  and  for  flight 
Kach  numbers  comprised  between  ’  and  4.  The  graph  is  plotted 
for  an  afterburning  temperature  equal  to  '0C  *’■'  ;  the  air 
aass  flow  in  the  pure  rairjet  operation  (y0^>  2.r  1  13  not  af¬ 
fected  by  the  afterburning.  The  air  stream  tube  was  limited 
to  the  cross-section  area  at  the  l.artest  diaseter  -if  tne 
engine  ;  tnis  point  is  reached  in  the  vicinity  of  v'ach  *.r‘  . 

4-2-2  t’erforaance  characteristics  without  afterburning 

The  general  performance  c.naracteristics  of  tne 
engine  without  afterburning  are  illustrated  on  Fig.  6,7,  f* 
and  9,  under  the  fora  : 

SFC  =  f ( F )  ;  the  flirht  Mach  n'liber  'ir.d  the  ratio 
TIT/TIT^^  (turbine  nlet  teiperature/m.aximum  t urt  r.e  inlet 

temperature)  are  shown  as  parameters. 

• 

These  performance  character  stica  aie  riven  fir  the 
following  altitudes  : 

0  10  000  20  000  36  000  ft. 

These  performance  characteristics  are  calculated 
for  the  pure  turbofan  operating  mode. 
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4-2-3  Performance  charactenst  :ca  with  afterburning 

These  performance  characteri  atics  cover,  the  Mach 
number  ruw  from  3ea  level  3tnt  c  conditions  to  Mach  4,  for 
altitudes  varying  from  0  to  100  000  ft.  It  c  "inprises  tne  three 
operating  modes  of  toe  engine  :  pure  turbofan  mode,  combined 
engine  mode  and  pure  ramjet  node.  For  ttie  first  two  modes,  the 
performance  characteristics  calculation  is  made  at  the  maximum 
rating  of  the  turbofan  ;  for  the  third  mode,  the  turbofan  is 
stopped . 

The  performance  cnaractenstics  are  given  under  the 

form  : 

F  =  f (M0 ) ;  the  specific  fuel  consumption  (OFC)  and  the 

afterburning  temperature  (Tq)  are  shown  as  parameters. 

o 

They  arc  calculated  for  the  following  altitudes  : 

Z  =  0  Fig.  10 

Z  =  10  000  ft  Fig.  11 

Z  =  20  000  ft  Fig.  12 

Z  =  5b  000  ft  Fig.  n 

Z  =  50  000  ft  Fig.  14 

Z  =  75  000  ft  Fig.  15 

Z  =100  000  ft  Fig.  16 


4-3  Influence  of  the  air  inlet  total  pressure  recovery 

A  relative  variation  of  the  aii  inlet  total  pressu¬ 
re  recovery,  d  l'./P0  entails  a  relative  variation  of  the  thrust 


dF/F  and  of  the  specific  fuel  consumption  dltT'/oFC .  Fig.  17  and  1U 
show  these  vanat’ons  for  flight  Mach  numbers  3  and  4  in  terms  of 
the  afterburning  temperat  re,  T^. 


For  Mach  3,  the  variations  are  calculated  in  as. tu¬ 
rning  that  trie  velocity  of  the  internal  air  floe  is  retained  ;  the 
air  capture  area  at  the  upstream  infinite  ia  then  proportionate  to 
the  total  pressure  recovery,  P/P0. 

For  Mach  4,  the  variations  are  calculated  m  assu¬ 
ming  that  the  air  capture  area  at  the  upstream  infinite  is  constant; 
a  reduction  of  the  total  pressure  recovery  ratio  increases  the  in¬ 
ternal  flow  velocity. 

4-4  Influence  of  the  nozzle  coefficient 

In  supersonic  flight  (M0>  1.3)  the  general  perfor¬ 
mance  characteristics  are  calculated  with  the  exit  nozzle  in  the 
convergent-divergent  configuration.  The  expansion  is  assumed  to  be 
complete,  the  groes  thrust  thus  obtained  is  affected  with  a  nozzle 
coefficient^  made  iqual  to  0.96. 

Fig.  19,  shows  the  relative  variations  of  the  thrust 
i?/?  and  of  .he  specific  fuel  consumption  d3FC/3PC  in  terms  of  the 
relative  variations  of  the  nozzle  coefficient,  d  ,  and  of  the 

afterburning  temperature  T_. 

O 

4-5  Influence  of  the  air  bleed 

Air  can  be  bled  for  tha  ancillaries  from  the  annular 
airflow  in  the  diffuser.  The  influence  of  this  air  bleed,  ^  ,  over 
the  performance  characteristics  during  supersonic  flights  is  shown 
on  Fig.  19,  /u  being  equal  to  the  ratio  between  the  bleed  air  flow 
and  the  annular  air  flow. 

5  -  OVERALL  DIMENSIONS  -  WEIGHT 

The  overall  size  of  the  combined  engine  together 
with  the  exit  nozzle  is  shown  on  drawing  8-1/2. 
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The  weights  and  centers  of  gravity  of  the  complete 
engine  with  a  standard  equipment  are  given  on  Fig.  20,  but  the  ingredients 
contained  in  the  engine  systems  are  not  included. 

The  total  weight  breaks  down  as  follows  : 

-  Turbofan  :  dry  section  without  the  outer  envelope  of  the  annular 


+  afterburning  system 
+  turbofan  standard  equipment 


-  Mixer  system 


Flaps,  control  items 
Actuators 


2  350  lb 


232  lb 


-  Annular  combustion  system  : 

With  attachment  and  pipes 

-  Outer  envelope  and  fan  fairing  : 

Structure  included 

-  Combined  engine  equipment 

WEIGHT  OF  THE  FRONT  SECTION 

-  Combustion  chamber 

Protection  rings  included 


-  Exit  nozzle 


246  lb 


462  lb 


110  lb 


Actuators  and  structure  included 


298  lb 


1  369  lb 


400  lb 


WEIGHT  OF  THE  KEAH  SECTION 


1  667  lb 


TOTAL  WEIGHT  OF  THE  ENGINE 


067  lb 
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6  -  INSTALLATION  -  HANDLING 


6-1  Mounting  system 

Two  mounting  plans  are  provided  on  each  side  of  the 
center  of  gravity. 

The  main  mounting  plan  is  situated  on  the  second  main 
frame  of  the  front  section  outer  envelope. 

The  secondary  mounting  plan  is  located  on  the  combustion 
chamber  rear  frame  which  takes  the  exit  nozzle  attachment  fitting!. 

Fig.  2',  shows  the  typical  mounting  canes  which  must  be 
conceived  to  allow  for  the  free  expansion  of  casings.  Drawing 
8-1/ .5  gives  a  detailed  view  of  the  attachment  points. 

6-2  Hoisting  -  Handliru 

A  certain  number  of  hoisting  points  are  provided  for, 
they  allow  ground  handling  of  the  complete  engine  or  of  the 
various  constituents  of  the  propulsion  system. 

The  locations  of  these  hoisting  points  are  illustrated 
on  Fig.  22.  Drawing  8-1/4  shows  a  detailed  view  of  these  points. 


7  -  COMBUSTION  TESTS 


The  combustion  tests  resulted  in  the  definition  of  a  com¬ 
bustion  system  having  excellent  operating  characteristics  within  the 
very  severe  flight  range  investigated  :  the  test  conditions  correspond 
to  flights  at  low  equivalent  air  speeds  (  'v  400  kt)  i.e.  flights  at 
very  high  altitudes.  This. system  was  tried  up  to  Mach  4,  for  an  altitu¬ 
de  close  to  100  000  ft. 

The  three  operation  modes  have  been  simulated  {  ramjet 
flow  alone,  turbofan  flow  alone,  turbofan  and  ramjet  flows. 

The  table  herebelow  gives  the  combustion  efficiencies 
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obtained  during  the  tests,  in  conditions  corresponding  to  a  flight  at 
an  equivalent  air  speed  of  400  let,  at  maximum  thrust  ra* ing,  and  compa¬ 
res  the  flares  obtained  with  those  used  in  the  calculations  for  the 
performance  characteristics. 


Flight  Mach  number 

Altitude 

Conbustion  efficiency 

Tests 

Calculations 

1.5 

50  000 

0,65 

0,77 

2 

63  000 

0,30 

0,80 

2.5 

7  3  500 

0,86 

0.855 

3 

81  500 

0,91 

0,89 

3.5 

88  500 

0,92 

0,91 

4 

W  000 

0,95 

0.92 

The  agreement  between  the  test  results  and  the  effi¬ 
ciency  evaluations  used  in  the  calculations  for  the  performance  charac¬ 
teristics  are  excellent,  these  evaluations  were  based  on  the  Nord-Aviation 
experience  in  the  field  of  ramjet  combustion  chambers. 

It  should  be  noted  that  an  improvement  of  the  combus¬ 
tion  efficiencies  could  be  obtained  in  the  zone  of  rich  equivalence  ra¬ 
tio'.  by  modifying  the  distributor  and  the  external  injection  grids,  as 
well  as  in  the  zones  where  the  equivalence  ratios  are  very  lean  by  adap¬ 
ting  the  fuel  injection  pressures  to  the  small  fuel  flows  required.  In 
addition,  this  combustion  systes  tried  under  le  is  severs  conditions  - 
corresponding  to  flights  at  higher  conventional  speeds,  i.e.  flights  at 
lower  altitudes  -  can  only  give  better  efficiencies  than  those  obtained 
up  to  now. 

This  combustion  system  is  characterized  by  its  very 
great  stability  over  a  widely  extended  equivalence  ratio  operating 
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range  (0.1  to  1.2). 


n  Iso  it  appears  that  tiv*  actual  haaa  Ion  sea  ara  very 
close  to  the  figures  used  ir.  the  calculations. 


To  sui  up,  these  tests  Lave  enabled  ua  :o  develop  a  full 
scale  combustion  ,'vatea  shoeing  good  efficiencies  ir.  very  severe  condi¬ 


tions  and  over  a  ver-  wide  operating  range,  froa  Mach  0  to  Nacn  4. 
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Figure  9 
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Figure  11 
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